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AN (Mycobacterium tuberculosis)o| ¢3)A 24 a}k
T W AR EeR, 19934del AAIE7]T (World Health
Organization; WHO)o A ‘global emergency’ & AX3FS whE
AAAR]D B EAelth Hte] WHO FAlo oJ3td, AlA Q14
1/3¢] A3 ztaE o] glar, vid 800%F e M= A3 $x}prt
W AsE  wid 2009 o] A3 ow Apgeitia ol -zl
M Qo] oF 1/3 o)do] A HAHY de= A= F4
wn, v of 127k W] 2 A aprp dAsia ok

AddL A717F 0.2~05 x 1~4 m A%E HE= 27149 13
Fddom ofxE FASHA @i, WERIE low, AxHe] B
A4 wiol FAEE Wk 28 F4% 7S JgS olF = o
of M2 GA & M7IEAHH Hol= A o] FiaL, o] At §
H= Z3s fastA v 23] A ZAF oF 25 x
10°9) A7|2 Mycobacterium 49 & 4559 F34 (3.1~



4.5 x 1098} #t}, o= B #
AARE @7 A, S5 7| E
=3

Adgtel] gk Hxo] FHA A
Ao 7 o] Sanger AE A o] Fo]F]
0., NC_000962). A& 2] F+HdA= 4,411,519 47| oz o] F
oAF L, G+C FFo] 65.6%= the Altel vl&] =& Holth. #A|

%
FAAAA AQ iAol fEE fAAEe] WS Ee vFE A

3 (GenBank accession

) m

st ZAow dHFla, SAACR AA AR 10%E AFA 6=
553 gty = opp|x il IS Zte wmde]l fdAate] oA
Tt o]5S PE, PPE familygl F2&=4], o5 G+C &#ol
g 2 FAREH, AA7]dA AEE dMAdES Aol ¥
AAQ ol g tgst FAAS ATt Ao=m dHA

Adte] A= dF 5olAQl sYg DNA Hyo] oy
N EAsE Aol WA JdEdH, 21 T Y5T mobile genetic

element?! insertion sequence (IS)Z <¢&HA
elementE 23] 5o we FAA M2 o
sHAl A Eo] 7] wiitell, AHg AFdaiE Ao FHAE
Aelgls o Yehu= IS elements X358t SR
o] FdE o8&t 7 A dFE FEE F e 8T A
= AT, o] edl M tuberculosislRt EAFTIa LRl

IS61108 A& ] Hgho] o] §HTH,

3. Qlabiel #Fel wye Aol

FF0} 2Re FUAA F 9lE SEe waeolgn o),
Adlt #FE elE B Aolzh 9= o Uehta Qv
Adlto] 552 Eolo] HE FUHo|E BT WO olojxi
Aol ol oF 10%9] Algtelq Ao AawE Lhx 90%el
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CDC1551 #5'%= kel & 4%5g 7Hd AF5Ass =2
T & sero-conversionA]7]& A o7 3kelx]o] diHHo] mj9 =&

459 Aoz AAFHAG. a8y H2e TE AY Ay
CDC15512 t& A3 #FE5°] H|a STl w2 W
F XA 7]1A| 7k, Erdmano|y ©E AR dFFEHT @

2l =4 92 Aow Iy

1 A8 FFE 424 daA

Mycobacterium tuberculosis complex:= A A7) <dx}
16s rRNA @7]MdollA 99.9%2] FAMAS HYoe B!t
saso g7 W Jojx We AoE nolm At olF =
agel atolo] Ud FAH WAL FHAY AL 4 FFE
of i maEsAA Aot BEAeld,

AA A71Mde] w8 x Adlyt H37Rv w59 CDC1551 5
of Aol Hlal Ml olste] F w5 Abolol] thre| large-
sequence polymorphisms (LSPs)¥} single—nucleotide
polymorphisms (SNPs)o] #&A3lthi= Ao] wra g A9k, ol¥l F4
4 gy A9 #FEe] wuse Boel d@ 2AH A

AT o4 n &2 w3 DNA microarray 71H-S ©]-&3}9]
A9 55 Aole] H4AZ WL ATESS §

of3t LSPe] #lell= axpAQld HisiA, &8zl fd7IES v
A

3 wmel S48, 44 Adel 0% #4d d3ge FHss
Al Bobsathe wiol AT webd A& @ Ade BE xY
s woh Astn ERA G34e A7E AdAE QPEd
FFEAA Aolg mol P99 AALL FNFOoEH, oS
Ha EAske] f4 TS FEY 5 oods 29 el A%
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Ao, AR FFEL oA BEH M tuberculosis K
=
-

AN
FE x3tslo] EAAQ ISF/I0-RFLP A4S Hol= 3971AE A
Aol Aoz AT (2" 1),

U 54 9 Aok
DNA polymerase™ SolGent (Daejeon, Korea) A%< AME-3}
a1, agarose= USB (Cleveland, OH, USA)2] Agarose-LE%}
CAMBREX (Rockland, ME, USA)®] MetaPhor” Agarose® A}-§-3}
Ak,

TTEL 0.05% (v/v) Tween-80, ADC [0.5% (w/v) bovine
serum albumin fraction V, 0.2% (w/v) glucose, 0.0003% (w/v)
catalase]7} $+¥ Difco™ Middlebrook 7H9 (Becton, Dickinson
and Company, Sparks, MD, USA) HA|ujx|o| A 37CelA 3~45F

2 weFatgt,

PCR #4& 93t Asli+ DNATE cetyltrimethylammonium
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bromide (CTAB)S AF&3 Wlo]l o) Fu|a . Difco™
Middlebrook 7H9 A wjx]ell A 3~45 Fob vjeksl 48 4w
g]»g}oq )\]—?‘ioﬂv@. ;q]ﬂ-c‘ﬂ— 1:}% 0 [e)

2] Tris—EDTA (pH 8.0)0& ¥i Z EFof FAt}.
A 208 o)A AFstar, 25 ple] lysozyme (20 mg/ml)S A 7FsHe]
37T A 1AIZF o] ¥b-gAIAY, 28l 70 wle] 10% SDS$}F 6
2] proteinase K (10 mg/ml)E A 7}8te] 65T A 10E7F WHS-A]
713, 100 ¢ 5 M NaCl, 80 2] CTAB-NaCl (50 ut¢] 5 M
NaCl¥} 40 pe] 10% CTAB)S F7bete] Z AlolE 5, thr] 65T
oAl 104-3F WESAIF T A=} sU3dt o] chloroform-isoamyl
alcohol [24 @ 1 (vol : voD]& Yol # 4lojF %, 13,000 xgoll A
1083 A #gste] A5t Al tubeo] &Zth DNA HAS ¢
I Al 52 6¥)9] isopropanols il Aoj= v, -20TCA 30+
2+ WAskan, 13,000 xgoll A 2087 ARty mpx oz
FENE AASIL 70% ethanolZ Hoj= F AXAZ DNAE 20
2] Tris-EDTA (pH 8.0)° 5<%t}

(

o AT el 44 2L PCR primer?] ek
K w59 H37Rv %+ CDC1551 @59 @7 <ES opst
programs (BLAST, FASTA33, sim4)& o]-&ato] mluwste] 2} 3
Fo FHAA Afelel A AE F Agle]l dojd FLE RISt
[e)

gelel 7 B9o] £ AVIMES ggeRE AsE 9w Aol Ao
v F9E E3ele DNA & 3% o+ A+ PCR primers$
EIA g R v A= Primer+= primer3 program (http://www-—

genome.wi.mit.edu/cgi-bin/primer/primer3) 5% o]-&3to] 243}
Qi Zb F-9le giste] gk 4 o] 3] primergs kst 43}
At olul EE PCRS ®d3 A HAAT 4+ Jd=sF 7}

)
primer5e] G+C FHE A s 4@ AreR
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primer+= 3% 19| A %At}

2. PCR

10 ng®] A% genomic DNA, 12.5 mM dNTP, 7} 20 uM<]
forward®} reverse primer, 0.5x~2.0x BandDoctor (SolGent,
Daejeon, Korea), 7aq buffer [75 mM Tris—-HCI, 15 mM(NH,),SOy,
2.5 mM MgCl,, 0.1 mg/mé BSA, 0.5% DMSO, pH 9.01, 2.5 U Taq
polymerase (SolGent, Dae]eon Korea)E Y1, SFF=2 FTHHS
4S50 w= BFE F oy 2Ao® PCRE #3383tk 95T
ol 587t pre-denaturationdt®d DNAZS &3] &gr)7l %=
95T~ 30%7t denaturation, 2+ primer® 3% Tmoll 4 30%7t

annealing, 72TCo|A 3%%t extensiong 30 cycles F3d3 F
72TCollA 10%7+ extension® 2AI8I3ITE PCRol % Fol&=
PCR AH=E 1% agarose gel H+= 3% metaphor agarosed] A 7|

F3ote] A ¥ DNAYHS 3kl3slar, QIAquick PCR purification kit
(Qiagen, Germany)s ©]-&3Fo] |53t}

A= ] RIS
GEge ol K wash dgRe dd #FEe Aoy
del ol ¥ASl A719E FA) SA3tel, POR 2HEE

T FRelM Dol A7 EES clustalX 1.83
program= ©|&3}4 multiple alignmentE A|7]a, I AI}E
GeneDoc program= ©]-&3to] ThA] A ste] A 2 4kQlo] dof
W A7IMES ettt A 2 Aol dojd 9A] 9 ,

|
A2 (ORF) W =2 intergenic sequence®] A< 5& Akolo] o

o o
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ofd 7 IFoE BRIt ¢# Xl ORFel ®ol7b fidel 7 -5-of
+ ZF ORFEY ofr|xAt AdS Hluste] Wo] whilze] 7]54 9]
W3lE F=2351 Y. Intergenic sequence®] 2% WHolo tisfA=
zb F9lo] A7IAdE oln] &dEHxl A promoter §7] AEE
I Huste] AR {34 Wol7t downstreamodl] #Aet= 5A
e o) v A PGS FEIUTE I A7) o) Add
A71 Lol A= Amigene programe ©]83te] 753 ORF=
gt 5 7} ORFY 7149 9 opniil AES BLAST

algorithme ©]-83}¢] GeneBank databaseZS 72 3}o] 717kl 7]

_11_



Dice (Tol 3.0%-3.0%) (H>0.0% S=0.0%) [0.0%-100.0%]

RFLP

RFLP

=) L)

K strain

N
=
=

Aol AHEE el 4] RFLP 23}

1.

a4
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¥ 1. PCRo A}83% primers

Forward primer (5'—3")

Reverse primer (5 -3

Forward primer (5'—3")

Reverse primer (5 -3

AGAGGGTACATAGCTGCCCT

TTCGTGCACA 'GGGTGTT
TCCTTGCCGCGTGCATCGAT
TGGTAGTCACCTCGCCAGAA
TTGAAACTGCCCGAGTTGGT
TTGATCGAGGCCTATCACGA
AGCCGCCTTGCTCTTCGGCT

AACCGTGAAGCCGTGTGCGA

AATCAACGGCGATGGCGGTA
CTTGGGTGGTTCTATCCGAG
TGATCGGCAACGGTGGGTTC
TGATGGAGGAGACCATCTCG
CGAATAATGACTGCCGCTCT
TCAAAGACATGCCGAGCGTG
AGTTGGTTACCGGTGCCAGT
TTGGCACCGCTGTTAGGACT
AGGGAGGACTGGTTGGACTT

ATTCCCGACGAAAGTGACGA

‘CATCGAT
AGTCACCACCAGTTCGGGCA

AACGCGGTGTCGATC

AACACCAGGACAGCATCATG
TCAGCGATCTCCATGCTGGT
TGCTGCCGATGTTGCCGCTA
TGCTTAGCGTGGTTCCACTC
TAGTCACGCACCGACAAGGT
AGTGTCAACCACAGGTACTT
ATCTGACAGGATCTGGCAAC

GAGGACACACTGGTC

TGGTAGCGCCGAAGCTCCCA
GGTGACGGCCAGAACGGAA
AMACGGTGGGATTGGCGGAA

AAACACCGACGGACTCAG!

AGGGAACAACCTTCGACCAC

CGACAAGGC

AGCCGA
TGCTGGTCAGCGTGCGTGAA
AGGGCACCTCTTCGGCAATG
AGGTTGCAAGAGATGGCTGA
TGTTGTACGGCAACGGCGGT

TGTGTGGTG!

AAC TCTG
TCAAGGTCGCATCGGTGAAC
AGGTGGCTGGTTGTTGGGCA

ACCGGCGGGCTCA

TTTGGCGCAGAACCAGGAGT
TGGCCCAGAAACCACCAGTT
TACCAGCAGCACCGCAAGCA

TGCCAATATCGGCTTCGCCA

TAACCTCTCGGGACTCTCCA
GTCACCACCGTGGCCTCAAA

CGTTGCCAGAGTTGCTGAA
AACAGCGGCTTCACCCTAGAT
TTGGCTTGGGCATTGAAGGT
ACTTCGATCTCGTAGCGTTC

CTACTGAAGGTGACGCTCTG

GTGGCAATGTCGTTGACCGT
TGCAAATGCTGGCAACAGCA
ACTCAGCGCCAAACCGACAC

CTGCTCAACATTGTGAACAC

GATGCCGGAATGTTCGGTAA
TGCTGTGCGATCGAGGCGAA
ATCGCGCTCTTGTCACTAGC
TCTGCGAGCCAATTCAGCTT

TGGTCTTCGGGTCCAACTCG

TACTC CGTGGTAGCCGAC

ACAGTCGTGTTGACCAGTGC

CACCGTCTGACTCATGGTGT

AAGACGTGGACGACGTGCGA

TGGATTGATGGTGATGACCT

CTCCATCGGCTTTGCTGGTA

AGTGTGATGCGCTGO

ACT
CAGCCTGAGCACAGGCCAGT
TTGCCGTTGGTGCCGCCTGT
TTACCGCCATTGCCACCTGT

TACCACCGT

CACCGT

CAACAGACACGTTGAGTCCT

TCCGC

GGACT

CTGCTT
CATATACGTCTGCAGCGACT
AGATCGCCAGCTCAGCGGAT
TACAACACGAGCATGCTGGA

ATTACCAAGCAACCACCCAC

ACCAGGTTTCGGATGGTGGT
TCGTGGGCTTGTACTTGCGA
ACCGATCAGCAACCCGGCCT

TGCAGCGCTTCCACACGTTT

GGACCGTTGCCGATGGTGA
T

CCGCCGA

ACCGGGATT
ATCAATACCGCTGTTGCCGT
AATGGCGGAARAGCCGGTTT
ACTTCGGCGACCTGTGGAAT
TCGTGTTGTTTGCCCGGCTT

ATCGGTCAGCGCATCCTTGA

TGGAT

ACSH GTTCTG

TCGCACATCTCGACGGTCGT

AGCATTGCCGCCGTTACCAA
AGCGTCAGCATGAGCTGCAA
ACGCTAGACGTCAGATCCCA
AAGCCGCTTACGGTGATGTT

AGCCTGCTTCAACCAGATCT

AGGATCGGAATGACAGCCAG
GACAATCAAGCGGCTGGCAA
TCCATCGCCACTGTTGAAGA
ACGTCGATGCCCAACGGGAT
ACTACCACCATCTGCGCTTT
ATGAATCGGCCTTCTCCAGT

ATGTG

TACACGCCGACGTT
ATTCCACCTCGTAGTCCCAA
TTGGTGGTATCGAACCGGA'
GAAGTTCGTGTCGCCGATGT
TCGTTGGCCATCAGCCGAAT
GTGCTGCCCAACTCGGTGA
ACGTGTCGGCGGATAGGTCT
TTCACTCCAAGGTCGGAGTT
ATGGTGCCGCCATGTTTCAT
ATACGTGGAATGGCTGGAGT

AATTGACCACGACGACAGCT

AGAAACCCGACGACGGAGCA
GACTGGCCTGTGCTCAGGCT
ACGGACACACCGTCCACCAT

TAGGTCAGGGCGACCTCCAT

AACACCCTCAACCCCGACAC

AGCGGTGGTAATGGCGGTGA

AAGGAGGTCAAGGCGGCAGC

TGTTATGGTGCGAGTCACGT

AGACAGCCAAACGGGAGATC

ACCTTGGGATTTAGCAGGCT
ATGGAAGACCCGGTCAAGTT

TGTTGCTGGACCAGACGGAC

GCCTATCAGCAACGGTTCGT
CACCGCCGGTAAGGGTGGTA
ATGGCAGCGTTTCATGACCA

AACCAGTCCGATGCCATCAA

AAATTGCCCTGGTCGT
GTGGATTCTTGCTTGGCTGA
AGAGGAGAGTTGACGCTGAT
TGCCAAGGGCACGTTCGATA
ATCCTCCTGATTGCCCTGAC
TTTCACGCCGAGTTCGTGAG
AACCAACTGATCGCAGACGT

ATGAGCACCGACGATGC

VY
TGCTAACACGGGTTTCCTCA

GGATCAGGTCATGGAAGGT
GTGCTGATTAAGTGGTGGCT
AGCAGGAACTCAAGGGCGTA
TTCCGTTTAACGTCGCTGGT

AATCCCACCGTTGGCAGCAT

ACGCTCACAACTCGCAGCGT
ATCAAGACGTCCAAGCAGGT

ATCATCGGAAGGCGTCGAL

ACCAGCTTTCAGCCTCCACA
AGTAGGGCACTAGCACCTCA
GACGTCTCGGTGACGGGTGT
AGCTGGGCCTGCGGTGTATT

AGCTTCTGACGCCACTCGTC

AATAGTGCCGTCCCATGCAT
ATGCCGATCCTGGTGTTCAA
AAGCTGGTCGGGCTTGGTGA
GTGCTGGTCGAGAACTGAAT
TACGAGTACAGAGACGTGCA

CTACAGCAACGGCGCCTTCT

GTGTCCTTCGGCAACGCTGT

TGAATGAGACGTTCACCGGT
TACCGGTACAAGTAGCGACA
CTGTTGCCGGTGCCAGCCTT
TTGGGTGTGGGCAAGCTGGT
TTACCGCCATTGCCACCTGT
TGACCCGAACGCTCAGCTGT
CTCAGGGACTGCGGATAGGT
TGTGGTGGTCGACTTGCCGT

CACGGGCGATGAGCTCGTT

ACGCACTCGAGGATTTGCTT
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. 2 3

1. K #5¢ H37Rv #F9 97]44¥ v

H37Rv$} HlaLste] 10 bp o] AFo]7}F vh= LSP

1 A3}, H37Rv 59k vagls o K #5elA 153709 2&
124709 el defwtas Rl (F 2). AE FolA
1357 F3AAF oA dojwtom, 187H'C intergenic sequence®]
A dojitth A Tl e 997 A Wel A dofwtar, 2570
+ intergenic sequence°lA] dojt Ho g EIFHUY. A& 4
Aol A7]7F 1358 bp ~ 1359 bp?l A IS6110 93+ Aoz, A
£o] Aol 1070, 2o A9de Aol 3707 1S6110°0 o] &)
o}

1:]1—1:1
A ok Aew WAt Ae P8 A P= 44 % 39

¥ 40 =k
A& o da dFE B fHlAe A7 96719 51

M= Yewg=d o]59 tiF-E2 PE, PPE family, transposase,
hypothetical protein®] At} A3 Aol o&) 9 w2 ORF
2 % 59 3% 69 AT

2. K #5F9 Beijing #5359 2+ 29 v

S opAlolol A Ee MER JE, 783 gl N E

Kl

_14_



4 ¢ & 9
Frd A 135 99
Intergenic sequence 18 25
g A 153 124
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3 3K oA gld A& 59

Del Size(bp) Locus Product

1 18 Rv0020c¢ Hypothetical protein

2 3466 Rv0071 Maturase
Rv0072~Rv0073 ABC transpoter
Rv0074 Hypothetical protein

3 1225 Rv0193c Hypothetical protein
Rv0194 ABC transpoter

4 63 Rv0278¢ PE-PGRS

5 18 Rv0278¢ PE-PGRS

8 15 Rv0304c PE, PPE family

9 156 Rv0355¢c PE, PPE family

10 15 Rv0355¢ PE, PPE family

11 155 Rv0387c¢c Hypothetical protein

12 24

13 48 Rv0747 PE-PGRS

14" 1359 Rv0795~Rv0796 Transposase

16 3533 Rv0973c Acetyl-/propionyl- CoA
Rv0974c carboxylase a,f3
Rv0975¢ Acyl-CoA dehydrogenase

17 48 Rv0977 PE-PGRS

18 48 Rv1059 Hypothetical protein

19 48 Rv1087 PE-PGRS

20 62

21 105 Rv1243c PE-PGRS

22 114
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23

25
26

27

28

29
30
31

42
43
44

36
1358
18
9247

1064

9565

45
56
1204

14
o7
1358
37
1358
57
53
1358

11
27
15

Rv1325¢
Rv1369¢~Rv1370c
Rv1441c
Rv1572c
Rv1573~Rv1587¢
Rv1754c¢
Rv1755¢

Rv1758

Rv1759c¢
Rv1760~Rv1762c
Rv1763~Rv1764
Rv1765¢

Rv1787

Rv1878

Rv1879

Rv1907c

Rv2090
Rv2105~Rv2106
Rv2129c¢
Rv2167c~Rv2168c¢

Rv2277c¢
Rv2278~Rv2279
Rv2354

Rv2354

Rv2355

_1’7_

PE-PGRS
Transposase
PE-PGRS
Hypothetical protein
phiRv1

Hypothetical protein
Phospholipase C
Cutinase

PE-PGRS
Hypothetical protein
Transposase
Hypothetical protein
PE, PPE family

Glutamine synthase
Hypothetical protein
Hypothetical protein
5'-3" exonuclease
Transposase
Oxidoreductase

Transposase

Glycerolphosphodiesterase
Transposase
Transposase
Transposase

Transposase



45 26 Rv2355 Transposase

46 22 Rv2355 Transposase
47 34 Rv2355 Transposase
48 12 Rv2355 Transposase
49 24 Rv2355 Transposase
50 27 Rv2355 Transposase
51 42 Rv2355 Transposase
52 42 Rv2355 Transposase
53 28 Rv2355 Transposase
54 10 Rv2355 Transposase
55 47 Rv2355 Transposase
56 47 Rv2355 Transposase
57 56 Rv2355 Transposase
58 32 Rv2355 Transposase
59 12 Rv2355 Transposase
60 11 Rv2355 Transposase
63 20 Rv2426¢ Hypothetical protein

64" 1358 Rv2479c~Rv2480 Transposase
66" 1358 Rv2648~Rv2649 Transposase
68 65

69 11
70 16
71 20
72 15
73 12
74 75
75 84 Rv2814c Transposase
76 54 Rv2814c Transposase
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77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104

31
21
18
12
75
85
10
61
20
27
10
16
24
12
24
67
12
38
1368
134
293
63
11
12
30
12
37
20

Rv2814c
Rv2814c
Rv2814c
Rv2814c
Rv2814c
Rv2814c
Rv2814c
Rv2814c
Rv2814c
Rv2814c
Rv2814c
Rv2814c
Rv2814c
Rv2814c
Rv2814c
Rv2814c
Rv2815¢
Rv2815¢
Rv2815¢

Rv2816¢
Rv2816¢
Rv2816¢
Rv2816¢
Rv2816¢
Rv2816¢
Rv2816¢

_19_

Transposase
Transposase
Transposase
Transposase
Transposase
Transposase
Transposase
Transposase
Transposase
Transposase
Transposase
Transposase
Transposase
Transposase
Transposase
Transposase
Transposase
Transposase

Transposase

Hypothetical protein
Hypothetical protein
Hypothetical protein
Hypothetical protein
Hypothetical protein
Hypothetical protein

Hypothetical protein



105
106
107
108
109
110
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
141

28
47
124
120
15
343
15
101
118
246
13
85
34
o7
44
96
69
66
96
269
115
53
133
892
274
108
55
14

Rv2816c~Rv2817¢

Rv2817¢
Rv2817¢
Rv2817¢
Rv2817¢
Rv2817¢
Rv2817¢

Rv2817c~Rv2818¢

Rv2818¢
Rv2818¢
Rv2818c
Rv2818¢
Rv2818¢
Rv2818¢
Rv2818c
Rv2818c
Rv2818c¢
Rv2818¢
Rv2818¢

Rv2818c~Rv2819c

Rv2819c
Rv2819c¢
Rv2819c

Rv2819c~Rv2820c

Rv2820c¢

_20_

Hypothetical protein
Hypothetical protein
Hypothetical protein
Hypothetical protein
Hypothetical protein
Hypothetical protein
Hypothetical protein
Hypothetical protein
Hypothetical protein
Hypothetical protein
Hypothetical protein
Hypothetical protein
Hypothetical protein
Hypothetical protein
Hypothetical protein
Hypothetical protein
Hypothetical protein
Hypothetical protein
Hypothetical protein
Hypothetical protein
Hypothetical protein
Hypothetical protein
Hypothetical protein
Hypothetical protein

Hypothetical protein



142" 1358 Rv3184~Rv3185 Transposase
143" 1358 Rv3186~Rv3187 Transposase

144 135 Rv3281 Hypothetical protein
145 36 Rv3325 Transposase
146 19 Rv3325 Transposase
147 15 Rv3325 Transposase
148 17 Rv3325 Transposase
149 23 Rv3325~Rv3326 Transposase
150 11 Rv3326 Transposase
151 256 Rv3326 Transposase
154 138 Rv3344c PE-PGRS
155 27 Rv3344c PE-PGRS
156 501 Rv3345¢ PE-PGRS
158 26 Rv3380c¢ Transposase
159 27 Rv3380c¢ Transposase
160 30 Rv3380c¢ Transposase
161 13 Rv3380c¢ Transposase
162 28 Rv3380c¢ Transposase
164 12 Rv3381c Transposase
165 1376 Rv3388 PE-PGRS
168" 1358 Rv3474~Rv3475 Transposase
170 72 Rv3508 PE-PGRS
174 14 Rv3508 PE-PGRS
175 12 Rv3508 PE-PGRS
177 30 Rv3508 PE-PGRS
180 18 Rv3512 PE-PGRS
184 126 Rv3514 PE-PGRS
185 351 Rv3514 PE-PGRS
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186 603 Rv3514 PE-PGRS
188 89 Rv3785 Hypothetical protein

"IS61100.% 23] Ai=o] ot A
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F 4K JFolM glE AR 54
Ins  Size(bp) Locus Product
1" 1358
2 112
3 37
5 162 Rv0124 PE-PGRS
6 51
7 84 Rv0532 PE-PGRS
8 533
9 54 Rv0703 50S ribosomal protein
10 62 Rv0746 PE-PGRS
11 26 Rv0746 PE-PGRS
12 136 Rv0746 PE-PGRS
13 12 Rv0978¢ PE-PGRS
14 18 Rv1067¢ PE-PGRS
15 193 Rv1068c PE-PGRS
16 45 Rv1087 PE-PGRS
17 56 Rv1290c Hypothetical protein
18 1674 Rv1319c Adenylate cyclase
19 21 Rv1435¢c P, G ,V-rich secreted protein
20 27 Rv1450c¢ PE-PGRS
21 207 Rv1450c¢ PE-PGRS
23 53 Rv1458c ABC transporter
24 21 Rv1651c PE-PGRS
25 10 Rv1668c ABC transporter
26 171
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28
29
30
31
32
33
35
36°

38
39
40
41
56
57
58
59
60
61
64
65
66
67
68
69
70
71
72

234
15
10
45

414
75

4495
1358
1358
4999
11
o7
116
2084
10
13
99
13
43
16
35
29
21
55
42
21
21
55

Rv1753c
Rv1883c
Rv1888c
Rv1899c¢
Rv1917¢
Rv1917c

Rv2016
Rv2019
Rv2024c
Rv2084
Rv2112c

Rv2354
Rv2354
Rv2356¢
Rv2356¢

Rv2357c¢
Rv2357¢
Rv2357¢
Rv2357c¢
Rv2407
Rv2673

_24_

PE, PPE family
Hypothetical protein
Transmembrane protein
Lipoprotein

PE, PPE family

PE, PPE family

Hypothetical protein
Hypothetical protein
Hypothetical protein
Hypothetical protein

Hypothetical protein

Transposase
Transposase
PE, PPE family
PE, PPE family

Glycyl-tRNAsynthetase
Glycyl-tRNAsynthetase
Glycyl-tRNAsynthetase
Glycyl-tRNAsynthetase

Hypothetical protein

Integral membrane protein



73 153 Rv2680 Hypothetical protein
74 19

75 12 Rv2814c Transposase
76 67 Rv2815¢c Transposase
77 24 Rv2815¢c Transposase
78 12 Rv2815¢ Transposase
79 24 Rv2815¢ Transposase
80 16 Rv2815¢ Transposase
81 10 Rv2815¢c Transposase
82 27 Rv2815¢c Transposase
83 106 Rv2882c Ribosome recycling factor
84 336

85 58

86 234

87 1337 Rv3135 PE, PPE family
38 2146 Rv3159c¢ PE, PPE family
89 58

90 18

91 11 Rv3325 Transposase
92 12 Rv3325 Transposase
93 22 Rv3325 Transposase
94 12 Rv3325 Transposase
95 18 Rv3325 Transposase
96 17 Rv3325 Transposase
97 13 Rv3325 Transposase
98 75 Rv3326 Transposase
99 15 Rv3326 Transposase
100 48 Rv3326 Transposase
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101 106 Rv3326 Transposase

104 67 Rv3326 Transposase
105 77 Rv3326 Transposase
106 36 Rv3326 Transposase
107 44 Rv3326 Transposase
108 18 Rv3326 Transposase
109 23 Rv3326 Transposase
110 50 Rv3326 Transposase
111 26 Rv3326 Transposase
112 17 Rv3326 Transposase
115 86 Rv3326 Transposase
116 184 Rv3326 Transposase
117 82 Rv3326 Transposase
118 14 Rv3326 Transposase
119 17 Rv3326 Transposase
120 199 Rv3326 Transposase
121 53

123 23

124 10 Rv3343c PE, PPE family
125 10 Rv3343c PE, PPE family
126 27 Rv3345¢ PE-PGRS

127 402 Rv3350c PE, PPE family
128 12 Rv3380c¢ Transposase
129 10 Rv3380c¢ Transposase
130 12 Rv3380c¢ Transposase
132 28 Rv3381c Transposase
133 13 Rv3381c Transposase
134 23
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135
136
137
138
140
141
142
143
147
148
149
150
151
152
153
154

11
11
16
232
57
18
18
81
135
26
111
333
342
59
53
36

Rv3382¢
Rv3382¢
Rv3382¢

Rv3464
Rv3507
Rv3507
Rv3507
Rv3512
Rv3512
Rv3611
Rv3611

Rv3879c

LYTB-related protein
LYTB-related protein
LYTB-related protein

dTDP-glucose rehydratase
PE-PGRS

PE-PGRS

PE-PGRS

PE-PGRS

PE-PGRS

R, P-rich protein

R, P-rich protein

A, P-rich protein

TIS61100.2 213

jel Lol A
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ORF name No.

Persisted  Rv0020c, Rv0278, Rv0304c, Rv0355¢, Rv0977, Rv1059, 14
ORFs' Rv1087, Rv1243c, Rv1754c, Rv1787, Rv1879, Rv2090,
Rv2426¢c, Rv3281
3’ changed Rv0387c, Rv0747, Rvl441lc, Rv2129c, Rv2277c, Rv3785 6
ORFs”
Disrupted  Rv0071, Rv0074, Rv0193c, Rv0194, Rv0973c, Rv0975¢c, 28
ORFs” Rv1325¢c, Rv1587¢, Rv1878, Rv1907c, Rv2354, Rv2355,
Rv2814c, Rv2815c, Rv2816¢, Rv2817c, Rv2818c,
Rv2819c, Rv2820c, Rv3325, Rv3326, Rv3344c, Rv3345c,
Rv3380c, Rv3381c, Rv3388, Rv3508, Rv3514
Deleted Rv0072, Rv0073, Rv0795, Rv0796, Rv0974c, Rv1369c, 48
ORFs' Rv1370c, Rv1572¢c, Rv1573, Rv1574, Rv1575, Rv1l576¢c,
Rv1577c, Rv1578c, Rv1579c, Rv1580c, Rvlb8lc,
Rv1582c, Rv1583c, Rv1584c, Rv1585¢c, Rv1586¢c,
Rv1755¢c, Rv1758, Rv1759c, Rv1760, Rv1761, Rv1762,
Rv1673, Rv1764, Rv1765¢c, Rv2105, Rv2106, Rv2167c,
Rv2168c, Rv2278, Rv2279, Rv2479c, Rv2480, Rv2648,
Rv2649, Rv3184, Rv3185, Rv3186, Rv3187, Rv3474,
Rv3475, Rv3512
Total 96

U Ado] dojWA Wt ORF framed| = F &S 52 ok A4
2 A% 1) A ORFS] 3" F-&o|Aut frameo] vty 729

o=
o=

i)
P

1elA ORF7F ¢hxds] 7kx 73

o
o
4 Aol dojupw A ORE7E ¢hxld] AbAls 749
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124
hinSs
o
o,
2
o,
o
o
42
rlo
@)
=7
o)
iy

ORF name No.

Persisted  Rv0703, Rv0978¢c, Rv1087, Rv1290¢, Rv1435¢c, Rv1458¢c, 21
ORFs' Rv1651c, Rv1753c, Rv1883c, Rv1899c, Rv1917c,
Rv2023A, Rv2112¢, Rv2354, Rv2407, Rv2673, Rv2680,
Rv2882c, Rv3343c, Rv3464, Rv3611
3’ changed Rv0124, Rv0354c, Rv0532, Rv1067c, Rv1068c, Rv1319¢c, 14
ORFs” Rv1668c, Rv1888c, Rv2016, Rv2084, Rv2357c, Rv3135,
Rv3382c, Rv3879c
Disrupted Rv0746, Rv1450c, Rv2019, Rv2024c, Rv2356, Rv281l4c, 16
ORFs® Rv2815¢, Rv3159¢c, Rv3325, Rv3326, Rv3345¢, Rv3350c,
Rv3380c, Rv3381c, Rv3507, Rv3512
Total 51

U abele] dojwkAuk ORF frameol = 38ke 54 ore 79

2

Aoz 84 ORFe] 3 REoIAR frameo] vhl 75
S Flo <ls)Al ORF7F A3 B7hzl A4S

_29_



A M-S doHd Beijing family:= 1995W0] & HiH3)
9 o] familyol £dts #FES 5% RdolA 73 dwE s
e AL, S50 AtolEFRD FHE AAIAA Thl BFJe] WoRk
S fFEE dAEtE Aoz dA Jop0?l o] #Fvt ek
BeEs vt F e A9 8ddd gt deElA e vk
SA T, BCG WAle thdk &4 o] selective pressure® 283}

Wayel Frtstelehs 7
152 7] wEel K #F

o] Beijing family®] As}elo] Zu)s] i
Mol Seail? sk sl

o)
O
2
okt

N

el B H o =
7} Beijing family®} A#=o] )& 7FsAde]l & FHoz o=
K #59} Beijing w59 A& F91& vluls) Hat

it

Affymetrix GeneChip microarray2 ©]-&3te] H37Rv w59
Beijing #57te] thgA S nlast 2o A, Beijing #5014 21
919 LSPo] EAlgtth= Aol Bt 1 o]FelA RD105,
RD149, RD152, RD207 H-#lolA dojdk AEL EE Beijing

_—

familyol A dojutsE Aoz FHE Q2 E3], RD105E Beijing
family7F obd tf & dFol = dojux &= Ao w g A,

o =

o] 4 F-9o tha|A K fdFolAe Aol dojyki=x] nlul 3
& A3}, Beijing @79 vIRHAIR K 5ol A= AEo]
o= g F AUk o] F9fel st
4] Del_2, Del_26, Del_27~8, Del_98~1302.2 U E}StT},
Beijing familyol A ol we} Eold o w2 YEeElh= Z o
U A 17708 AE Felol dsid e K dFelA AEo]
LA 2 3kt

o
LN

3. K #5¢ CDC1551 #5¢ A& 79 v
CDC1551 5% 1995 m=olA ek WS do7 A
S BHEHAGE. o] 5= RS wEa, el e HE
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o

e
et
ro,
£

7t

bk
)

TS
otk w3k 7yl
+ O bacilliZ} #¢
2 FFE A
-2 o] Xy
CDC1551 #3%
H37Rv w5} l S o 37 F-elolA Aol dojwka 49
1}O

d

WEAES ¥
]

d

jus)

i
Eis

1

e N
&

S

o] AA |71 105% mﬂ wokrh 1 @ﬂ, CDC1551 5ol A]
dojet 37 F-9le] A& FolM 570 (Del_l, Del_10, Del 13,
Del_19, Del_144), 49 H<919 A< FolA 971 (Ins_8, Ins_18,
Ins_19, Ins_20, Ins_38, Ins_71, Ins_88, Ins_89, Ins_142)7} K

FAME dosS skt
4, J4EeE 475 Ude= PCR 53
7}. PCR primer®] 1<t

153709 A F-ol<F 124719 A H9 FolA IS61108=
ols] ZAs=o] Aot 10749}, 3709 A o

= AAehA gtk A&l Adde] 3 F-flel =M dojubs
A7, aelan AR ARl doid Aol 7 AE 52 A
F gk &9 primers AT F7F glA7] "o, o e A&
52 AYs & 49 primer® PCRe dh W& #shalth
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[S61100.% Q17 A& 52 AlE Aelstal, 14370 A&
H-‘HE Qlsty] ffelix 48%2] primers AlAtekglaL, 121719 4

2 sy AsiA 6249 primerE AlZEFATE o] F ol
"1 oel el A& F9E sty primer® PCRsle 49+ 3%
(Del_9~10, Del_42~60, Del_154~155)]1%13z, of&] 7je] 4+ H
#1E  3sel  primerZ PCR3l= 4%+ 5% (Ins_10~11,
Ins_57~58, Ins_123~125, Ins142~143, Ins_149~150)°] A t}.

Wz H37Rvel K #59 genomic DNAZE template® 3}
7k primere] ®gr PCRE 433}l o], annealing
temperature®?} extension times Z43}o] PCR 7S At
2ol A primerl M=y A AR #59
genomic DNAX X3A|A tiA] PCRE F3slt). 18] 27 9]
oA F2> ABeole F o MZESE primerg tHA A AEHo]
PCRe T3 A& #H2 v dAdy #5555 o=

=
PCRE @35t}

mlo

1. PCR template®] A4
olAR ] HFE7H
g As T 2 319 primers A2}

3 =

a1, H37Rv ¥ K 5, Z2glal ssyjejaA w2ld 38719
A

[e]

lo

l&
>‘:‘or

oroliy] 93| @A A
o

b e © 1S6110 BAAZE ©]43 RFLPAA &=
s ARE UrE‘rH%ﬁfﬂ 2 Aol wel 10709 bandE 7%1‘11*1
K 7 fFASHAl Yefbvs 495 K family®, bands= 1071 0] 4]
Tt patterne] TS A9ol= M family®, I ¢ band® N5}
pattern®] THFatA UEbE el diEiA = unique ¥FE R
AlEtolth 2 AdeA AMES el 59 RFLP A%+ 1
H 1ol HeE
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i

o AE F2 A9 FeleA i dFSe] PCR 3
© Adold= H37Rv 5 K w54 xde] 3d 2
= 54 F-9] (primer 34%), &% 58 H9 (primer 52l ol
PCRE F333ith. PCR 23+ H37Rv #55 Adel 3, K &
FE ofdtel wiAg 5, ymA Ry dFES 4 AL S22
e H-91E5 PCRE Ao A7]|o] whegl H37Rv #59 £ A7
£ HolE AdAFE K dF9 &2 A7E Hole o
Adeletdty. 18]al PCR AH=el A7|7F bdsiAl vdos 3e
H37Rv #5¢ K #F Alole] wjxsidnt (29 2, 19 3).
Erdman 5, CDC1551 =, 12]al A, a, b, d, 13, 18 #F
2 7 AE 52 A T8l H3TRve: A= FARSHAL L
Wt ey REFLP A3l A K family9t M family® #go] Wd
AR #+FEE PCR 2% A unique +FE g3 zfol=

ol A sk

U

2. A< R9]oA PCR 23 #A
K gFel Mt Aol dojydk #-91% Del_3, Del_16, 1l
Del_18 F$3lt}h o] F-9jolA dojt AEo = s s it

Rv0193c, Rv0194, Rv0973c, Rv0974c, Rv1059%+=

A=
4], o]52 Z}7Z} hypothetical protein, ABC transporter, acetyl-

/propionyl-CoA carboxylaseE codingslal AT £ K
family FTollA%= K 5o A vk o] R9jox Aol dojRt7] wii
o, o] #XATF K w5l SHolHqoz #gsto] FHF WolE
Aol 7hsdel A& + AUtk

K family®} M familyd|ARF A<Eo] dojd H-9]= Del 29,
Del_36°]0t}. o] H9olE Rv17873 Rv2129c7F $AakaL glo
W, Z}Z} PE, PPE family®} oxidoreductaseE codingdlal )

7TH dFE FARE 3] H37Rv #59F o] PCR Z3}o] A
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RFLP| Beijing
N.D
N.D
N.D
N.D
N.D.
U12 | non-Beijing
U13 | non-Beijing
N.D.
N.D
us N.D.
ué N.D.
u2 N.D.
N.D
u3 N.D.
U4 Beijing
Beijing
N.D.
ut1 N.D.
u1 N.D
u10 N.D
us N.D
u9 N.D
M7 Beijing
M7 N.D.
M Beijing
M2 Beijing
M3 N.D.
M4 Beijing
N.D.
K5 N.D.
M5 Beijing
N.D.
M6 Beijing
K3 Beijing
K Beijing
K4 Beijing
K1 Beijing
K Beijing
K2 Beijing
K Beijing

2. A& F-9loA e 53 vEAd. A2 PCR 4AH=9 =17]17F H37Rveh ZA v

K w59k 27 v A, 342 gt =17]9] PCR 4b=e] v Aot
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RFLP| Beijing zF 4
141)10 | 2 | 6 |153| 12| 39 | 83 [142|154| 35 |147| 40 | 15 | 28 | 87 [138| 26 | 24 140|126| 30 | 41| 88 |152| 17 |123| 71 | 14| 73 | 84 |151| 9 149 32| 33| 18| 23|13 |57| 7 [16[38| 3 | 5| 8 | 19| 20| 25|29 (31|72
N.D. Rv
N.D. Erdman
N.D. A
N.D. b
N.D. a
U12 | non-Beijing 13
U13 | non-Beijing 18
N.D. CDC1551 [ |
N.D. d
Us N.D. 77 -
u10 N.D. 57
Us N.D. 64
Us N.D. 113
3 N.D. 76 - [ ]
U3 | Beijing 51 [ | [ |
U4 | Beijing 27
N.D. 3 . [ |
N.D. D
U1 N.D 62
N.D HN878
U2 N.D 58| - - [ ] [ |
Ut N.D. 44| [ ]
M Beijing 25 [ | [ ]
M2 N.D. 100 |
M3 Beijing 11| .
K5 Beijing 92 .
K4 N.D. 112
M4 Beijing 50 - [ | -
M5 N.D. 15
g (]
M7 g 56
- [] = B =
K2 | Beijing 45
beijing | ¢ —_— (] (]
K1 Beijing 36
M6 Beijing 104 -
K3 Beijing 4 [ ] r
K Beijing 26 [ |
K Beijing 8
K Beijing K
[e} H o =] = o & o [e) A=
% 3. A F9dA e 7 a4 v@d. A& PCR AHES] A717F H37RveE 2]
S [e) = & [e) S =]
e A, B8 K #sh @A e A, 34 kg 2719 PCR AHEe] e Aol
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it
o,

dojupA] ¢k¢tel Erdman, CDC1551, A, a, b, d, 13, 18
Al <] gk TTFEAAME EF Aol dojd —rﬂ%
Del_1, Del_2, Del 9, Del_21, Del 23, Del_63, Del_1889¢]%it}. o]
5% X3k PE, PPE family, hypothetical proteine codingdlal )
= oz ua )

GA AFEA we 2
o Z7)7h sl LA

e rp

mlo
i

X

of we PCR A&
(o3

A g el

fo
o

M
ST
=2

Fl

np, 4HQ] 9o 4 PCR A} E4

B K #70 WHoE 950 Gb Aew HAAL, K9 4
#8 FREENA HolHom Agle] Yol AL HA T F U9
.

Ins_2, Ins_15, Ins_28, Ins_35, Ins_40, Ins_87, Ins_142,
Ins_147, Ins_154 F%]°lA Erdman, CDC1551, A, a, b, d, 13, 18
TTFE AT B dFE500A Aol dojd Aow gelo] H
Atk o] FLld fAsta &= FHAE T PE, PPE family,
hypothetical proteinE< coding3stal AT}

2831, Ins_ 9, Ins_32, Ins_73, Ins_84, Ins_138, Ins_149,
Ins_151 H-lol M= H3TRvE A9 th2 d5olM vt 27]

o 4tgle] ool Aoz et

5. A& 5o 49 99 47149 24

s
g
o
)
)
N
L

0,

Ir
N
il
da



T

==

K3

o
pul

Rv1243c
o]yro]= ORF7}

1

0]
AR
o)
=

Aol

S

coding

[e)

]
==

A
=5

=L

712 e
Fol7b W= do. a2 v

71 go]l A&/AYEHA] frame-shift mutations dojd =

s}

RS
A

&

[¢)
PE-PGRS ©

o

R

HW, Erdman, A, a, b, d, 13, 18, CDC1551 & A¢]

1 A3, PCR AHE9] m717F &

PCR 4FH&o] t}

17 1~2 bp A&
Del_21

=

frame-shift mutation

7

Ql3l, truncation 2
= 7HA AL

5

=]

el

=

o, A%

o=

AR
a|

S

v

=

RURRTES

<]

)=

dol St

[e)

o] 2 band® YE}

5

[6)

-

ol HAS 7}
PCR 2H&Eo] A7|7F 28 ul F7]A LA

] H37RvS} K wFol Aol =79}

°

el

Qurt 2
. e ohu] s

3o A, HN878,

[e)
F7FA = 105 bp7t

fd

K #55 mhz

_3’7_

-

9 AFEolA

I, 1

{5], ez

]

25, 4, 8, 26, 45 2] GV ES v uEA Y (1Y 5). PCR A+

st & H37Rve} K #59] G7|-E S 7|02

bp FZol 4]



Ins_010, 011 %A] PE-PGRS @ A5 codingsta A&
Rv0746°] F3tell 2 62 bp, 26 bpel 4Fsie]l doldt Aotk K
T A= o] F9Y Aoz eA Rv07460°] truncation™
o] #olxltt, PCR A oA B A unique 7+ Ko} &

#8 FEENA GFg 2719 Aol ol AL B 5 U9

oo 4

tekst 719 Ajdol dojus w AAZ VMG o
Zkol7b A=A E Eotry] 98] Al PCR =S A & 4
Ad B4E FIsY (29 7). PCR AdolA H37Rv ¥
42 A¥s BoHE CDC1561 e Aol dojuAes &%k
1} 21329 A single nucleotide polymorphism (SNP)& Holx= A
S skol 8 £ Rk T 1139 #FE AY 9 9 HE:o

12 bpoll Zs=o] dojykal, 43Lo 4 SNP7F dojytg-o] &elF ).

kil

7]

o

& A71e Aol dowtas Flekglh. 273 HN878 o+
A E Aglo] dojubA] it 135 bp7t AeEo] dSS o £ 9
Aok 4 #5530 bp7t AQEJ T, 80 HFE KeF o] 4l
o] dojt2S elakqit). oldl Qs wulde] A JegFS o}
BH7] 98] obv gt AEE HlaE] BT, = IARE <
AR FFEoA EF truncationo] dolweS & & YAt
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Rv1243c

iz
Del 021
K 105 bp deleted
ccececgecggeccegecegtegecgecegttgecgecegt cgeegecgtegecgecggegecgececgtgecgagea

ccececgecggeccegecegtegecgecegttgecgecegt cgcecegecgtegecgecggegecgececgtgecgagea

H37Rv
caccgccgtegecgtgeecgt——————————————>"—-— gatgcccccgtegeccceccecga

112

15

100

111
HN878
CDC1551
57

13

18
Erdman

< oo VO @ O v o

Rv

F 4. Del_21¢] PCR A3} K #5l|A Rv1243ce] F3tell 105 bpol @7]1M Do)l AE=H A 40719 ¢
gie 75 R PCRE % A7 H37Rv T K #59 & 7] A 21890t
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Rv 284
A 256
HN878 243
25 243
4 244
8 258
26 260
45 242
K 283
* 300 * 320 * 340 * 360 * 380 * 400 * 420

Rv A 427
A 399
HN878 281
25 281
4 282
8 296
26 298
45 280
K 322
Rv NGGAGGNI APGGA! NQ LL : 435
A H GGNGGAGGNGGI : 435
HN878 : [ele)\[elerXeleiNele]] © 435
25 : GGNGGAGGNGGI © 435
4 : [ele)\[elerXeleiNele]] © 435
8 H GGNGGAGGNGGI : 435
26 H GGNGGAGGNGGI : 435
45 : GGNGGAGGNGGI © 435
K : GGNGGAGGNGGI © 435
Rv Ml GCAGGDGGVGGDGGI GAQGGSGGNGGNGGI

HIlGGAGGDGGVGGDGGI GAQGGSGGNGGNGGI
HN878
25
4
8
26
45 : :
K : (GDGGNGGDGGAGGAGGVGGNGGT GGAGGL F GQSGSPGSGAAGGL GGAGGNGGAGGGGGT GFNPGAP GDP GT QGAT GANGQHGL NG

T3 5. Del 219 97144 £43 Rv1243c9] ofvmat A 4. K 59} o] HN878, 25, 4, 8, 26,
45 FFo A= 105 bpo] A7IM Dol AEHATh o] s 35749 ofnlist g AEH AT AEE

N DI} ofu| AL A o7 TASHY

v
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Rv0746

Ins 010,011
88 bp inserted
gtcggcgecggtggeggcaa————————————————- acgccggetgetggecggce
K
gagctggcecggageceggtgggctgctggeegggcetg ggcggggecggegggaccggeggacgtgctttctea
gagctggccggageeggtgggetgetggeegggcetg ggcggggecggegggaccggeggacgtgctttctea
H37Rv

Rv

112

15

100

111

25

50

92

26

36

45

54

56
HN878
104
113
27

76

58

51

77
CDC1551
Erdman

—

19 6. Ins_10, Ins_119] PCR A3} K o4 Rv0746 F3tell 2+ 62 bp, 26 bpe] A7I1Ade] AP=A
o 40789 JdEE #FE HFeR PCRe w33 A, d5ol meh g Aes 48 5+ A
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* 160 * 180 * 200 * 220 * 240 * 260 *
PGGW NGGA AAA PGGAGGAA AGGA VGDGEAGGA W\ VGGV AGA V ACGH V A A

PGGWL L GNGGAGGSAAAGSGL PGGAGGAAGL F GT GGAGGAGGSSTVGDGEAGGAGGS GGWL L GT GGVGGVGGL GAGAG
[PGGWL L GNGGAGGSAAAGSGL PGGAGGAAGL F GT GGAGGAGGSSTVGDGEAGGAGGSGGWL L GT GGVGGVGGL GAGAGGAGGVGGA GAGCHGGA
PGGWL L GNGGAGGSAAAGSGL PGGAGGAAGL F GT GGAGGAGGSSTVGDGEAGGAGGS GGWL L GT GGV GGV GGL GAGA G
[PGGWL L GNGGAGGSAAAGSGL PGGAGGAAGL F GT GGAGGAGGSST VGDGEAGGAGGSGGWL L GT GGV GGV GGL GAGAGGAGGAGGYRRTV:
[PGGWL L GNGGAGGSAAAGSGL PGGAGGAAGL F GT GGAGGAGGSSTVGDGEAGGAGGS GGWL L GT GGVGGV GGL GAGAGGAGGAGGHG!
PGGWL L GNGGAGGSAAAGSGL PGGAGGAAGL F GT GGAGGAGGSSTVGDGEAGGAGGS GGWL L GT GGVGGVGGL GAGAGGAGG! GGAGG
[PGGWL L GNGGAGGSAAAGSGL PGGAGGAAGL F GT GGAGGAGGSSR
PGGWL L GNGGAGGSAAAGSGL PGGAGGAAGL F GT GGAGGAGGSS|

19 7. Ins_10, Ins_119] &7 < )
Gt AVIMES 7 A, o2 Q1] opu| At MEE T Al YENY S-S
=

I ES
73} opulweike Ao R EASE, T2 vt 971D} ofu| ke 3 Mo e gAE.

BA 3} Rv0T469] ol it A B4 4k F9jol A EFel whel
3, 7
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A *, subtractive hybridization¥}

}

hEs

IV.
% o] 83
LSP A+

 gene—chip<

2] 3]

=

=

%L

ol

!

=0}

d= oA ko, o

3

gl %

s

)= [e)
BEHS T

RFLP

Al A7

A

S
Qs

4

. wa,

el

=
=

A7E

o

-

3714

A

A

H37Rv9]
d Fo=H 7|

[€)

REvA

Al

=

=

stk

S

AR

T

°©
pul

o} 317}

o)

ted = fel A

olofl oy

I<]

o

R

PN
T

Kol
=

2 PCR
H37Rv ¢ vlud K

o

e

N
e

%L

B

o

< w5 Aol ddEa o, 1 Al o

HH

Aol 1A

o

T

dl 4,379,571

A

A
S A

=13
€1

[e)

=

Al

7

Fol, 200439
N

the

]
A
4ol A7IME A ARE wEoR H37Rv #F9% K

°©

o
M
_43_
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o] AA |7IAES vluste], 10 bpol/de] Aoy Aol Lo
W F9E @l L A3, K #tFel 4 10 bp~9,562 bpe] t+
G A7]e) Aol 163 F-lell A o, 124 F-flolA= 10
bp~4,999 bp =719 Atde]l dojwtgs WHH. AL oA
13570 FAAF ol A dojwkal, 187+ intergenic sequence®l
A dojkom, Ay FAlA 997 KA WA, v 2570
+ intergenic sequenceo A doj Ao g A}

AL S Al oA e H2 FHAES S PE,
PPE familyell &3l @uldy} opz 7]go] ¥ax#] 2 o4
Z18] 3l transposase 5 ©] At}

PE, PPE family:= A3 FAAANA o 10%E *F+|skaL
o, AdFont SojH oz Yepdt?®, PE family= 1009
N SR 0] Hol dar, ~11070¢] ofr|i=qte] HEH o
2+ N-terminal domaine 33kl Jon, 5HA 0 E 8~9HA
AN A Pro-Glu (PE) REE|XE 77X v}, PPE family=
677019 FAAER  o]Fo]x i, N-terminalol]l 180719
ofu]i-be] B FEE Y] Ity PPE familyol® 8~10WA x| A
Pro-Pro-Glu (PPE) REZ7} ZAj3t}. olg  FHALS C-
terminal domain®] wekA 747} PE-polymorphic  GC-rich
sequence (PGRS)®} PPE-major polymorphic tandem repeat
(MPTR)Y] at9]18 o0& ol xith
PE, PPE family®] 7|5& thi-i B8 A AA FAN, HZol
1T, sFAEske] A, dAAE ol AL, FolbF

[e)
- [¢)
el Al Aalgte] Eof] fld slolgts Balse] AT ®=d
=

rr

v

=

o]

i

0|

&

signature—tagged mutagenesis (STM), micro-array &2 A+&

&3 PE-PGRS wizgo] ¥y} AA7} 1S Aoldbe= 75

Ugku? =& AFAE PE regiono] AE w7 WINLS
A ppo o
= fe)

F=3tt= A3, Gly-Ala-rich PGRS domain®] #|44d W

2

_44_



o] uhal A gho,

PPE familyel A o]

oy njp

)
o - F BN B oo e o= B
o BT EUHELELSRIEY OB EEY
— e ~o L.W ZﬁZTOTL. mOJio .Q,._
N o ol ) Mrﬂ o mw <R 3K T Mk oo ol 2 MO oy ﬂw MM U
o N 2 = dﬂﬂ%%z 1%% ) o
EN o ow EEHCRT g5 3 © oo
Hpo LR MW, o T WP s
w2 TR M EE o W B oo T
w o %Rﬁmﬂ17%%%% %Mﬂgﬂ o
doﬂumn dﬂoﬂqm.mra@orﬁov.ﬂﬁ @rm%ﬁﬂu =
- aﬁHLaA HH ! < = &8 X 7w N
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S UGS ﬂmM;u%%mW

bl vhehbe 2eE

>~ O
T gl kA K #57F Beijing family <}

9
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S AT AN ofm® A A e}
A A A E & F gl olE Zohlir]l SEiAE
Beijing family®l &38l= 53 HILE A, o A& =2 4
PEs AHoR A FE7t HeA gRldlofr & oz A7t
Beijing w7 #o] dojdt ALoz QA dFgFS W
ORF+= Rv0071~Rv0074, Rv1572c~Rv1587c, Rv1754c, Rv1755¢,
Rv1758~Rv1765¢c, Rv2816c~Rv2820c3it}. o15olA Rv17540]
A Rv176574419] ORF+= IS67102.% 213k A&9] hot spot A|Y
olghi= o] ¥ AT, Rvl1755cE pleD FHAR picA, pich,
plcC?} $HAl  phospholipase CE  codingstal UAt}d. th2 Ao
FAANZE Wl ple T3] Edo] upregulation k= Ho=
o phospholipase C7F 7ol Ta3 A& & 3ol Holzl
O &, ple EAWolAlE 9 E F9 wet Aol el oF
3lES Ho|H, persistent phaseol A £L83FA &3t W av)
AAJN?. pleABC WS pleD7F 57kl thget Bloj& Mo
3, K #F9AM = pleD7 A8 AEE s Joz & o, ¢ko
B PR wFRrel o] FHAE oW Apolrt A=A st

Aol Baw Aoleh Az,

_

CDC1551 #F¢ HnE & uf 5 oA A&} 9 B9
ol 4 o] K #FollE LA dojwtaS &4 5 AL o
5 AE 22 A 9 dEFs w2 ORFE=  Rv0020c,

Rv0355¢c, Rv0747, Rv1087, Rv1319c, Rv1435c¢, Rv1450c,
Rv2024c, Rv2407, Rv3159c, Rv3281, Rv3507¢]t}. ol& i
FAAE| UL CDC1551 #F5

Ak, e A
of ek Mlawgs w iAo WHe F4 e Jlow L}
R RT. 1 e dFel i K gk val Asks wd, K
52k CDC1551 3ol A] delaiidl dojd A& 52 A9 -9



o]T‘:_
o # o}

geog, s a7k FHa49 gyddS dotEy] 9
&l TE X% oA FElE dAEE o5 36719 9=

¢l H37RvY genomic DNAZE template® 3}l z A&
AFel F-91E PCRaFGIT

A2 5459 (primer 347%), A% 584591 (primer 52 of
gk PCRE s3sto], Z237F H37TRvel #A v ZHH Ko 24
U Ao Foz AHedS u, Erdman #59 CDC1551 ¥,
)ALl A, a, b, d, 13, 18 #57F A4 o2 H37Rvel 22 23}
2 Bt} RFLP A3 02 uniquedld #FE53 K familyet M
familyell &3l dFEdA= 7 -f’E =& A 9l whebA
PCR ZA37} thFstA vt #3420 Wol7k o vekatA dojxt

%!

A
= & 7 AT old AFS AERT= AN FEHAT
=
=

K 1l =
A B8 ® #5F¢ Erdman, CDC1551, HN878, —r&]al A3l
=

e

B Ado| = H37Rve K #FE 7|07 sto AxE )48
271 wWie] 1) 29F 3014 w9 wole] are] HITRv #FolA

FE K #52 AdHE 2oz Helxgh AARE K 754
unique ¥R, B HE WFOR W7t JPH L & 7HEA

K el A vk A&o] dolwtd Del 3, Del_16, Del_18 F-9]=
hypothetical protein®} ABC transporterE codingstal d+= F3
A2} accAZ, accDZ2, fadE13 A7 18kl AT accA29+
accD2 1A= 22} acetyl-/propionyl-CoA carboxylase a2} B
= WA 7]=d], o] @A EL mycolic acid biosynthesis®l] ¥
ofgtal vk At AEH A AR mycolic acid’l <59
hal %=

A7} QriE 7] Fo] o 130 81



2 nRo% W, o] §AAY A& HYGE AL FEawaH,
Z J B =

FoE FHAAS VT AFE FIAA HA K97 T s A
ox AZtHETY. K familyet M famllyoﬂ ARt Eo]x o7 Aio] o
ot 9= Del 299 Del 36%1, 77H 5 AAR 3l
H37Rv w59k 54 ?r%cowﬂ Aol dojigd F9l=

o} o]

Del_1, Del_2, Del_9, Del_21, Del_23, Del_63, Del_188°]%]
Tl dojd AEoR i d¥E e FHAES
hypothetical protein, oxidoreductase, PE, PPE family, ABC
transporter, maturase® codingdtal AU °] HFHE FAA
Beijing familyollx] F&4o2 dojt Del 2% ALstar, YA
AE FHES o' AdS AVIE 4 sAIHSE 4 WSt
7F 2HE AoRE Holw, 1 Jgko] it H7lo] g ojof &
Ao},
1S AEol vlafA el whet thdshAl dofwtANt, K o
T K, M family Sol8 oz dojit AL gle o=z ol
HAtk. 28l H37Rv w59 K ‘?T“] A7 de Hlaske] 4F
Yol dojwrhar W 037]/\1 & BLASTelA A ®gkort
databasedll X dAst= FAA7E 1= Ao= yeikt, ga
AbQlo]l dojyA [ 27} truncation® Ay disruption ¥ 7]
e, Ao A MER 7ses 7 AR Aol H
7] E‘jrb ATNXAR 7IEY FAAE BtERE 98s T
AZtE T, PCR Aol A B A& A e vt A =2 44
TTH AFE AAIR H3TRv #Fet o] HAAL, olE
iL*roﬂfﬂ Ins_2, Ins_15, Ins_28, Ins_35, Ins_40, Ins_87, Ins_142,
Ins_147, Ins_154 919 Ado] o|FolH &S & = UL o]
Folxl
Aoz, FHe] ORF$} promoterdl= &= T4 ot A
Aoz Qld 9FgEs w2 {FXHAELS PE, PPE  family,

éL
_>.:

N

Z oA Ins_2, Ins_35< intergenic sequence®] o] o]
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ABSTRACT

Genetic polymorphisms among clinical strains of

Mycobacterium tuberculosis

Jiwon Kim

Department of Medical Science

The Graduate School, Yonser University

(Directed by Professor Sang—Nae Cho)

Despite the efforts to combat tuberculosis it still remains
one of the major public health problems, which forced World
Health Organization (WHO) to declare tuberculosis a global
emergency In 1993. Mycobacterial species belonging to
Mycobacterium tuberculosis complex show 99.9% similarity in
nucleotide sequences, but they differ widely in their host
tropisms and phenotypes related to pathogenicity. Recently
clinical strains of M. tuberculosis showing diversity in virulence
phenotype have been reported, but the molecular basis for the
phenotypic diversity among the clinical isolates remains poorly
understood.

Based on the assumption that genetic differences among
clinical strains account for the phenotypic variation, genetic
polymorphism among recent clinical isolates of M. tuberculosis
was investigated. Comparison of the whole genome sequence of
M. tuberculosis K strain, one of the most prevalent strains in
Korea, with that of M. tuberculosis H37Rv revealed the presence

of 153 deletions and 124 insertions in the K genome relative to
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the H37Rv genome. Those deletions and insertions affect 96
ORFs and 58 ORFs, respectively, which encode mostly PE, PPE
family proteins, hypothetical proteins and transposases. DNA
fragments corresponding 54 deletions and 58 insertions were
amplified by PCR with specific primers and analyzed to find
genetic variations among 40 clinical isolates.

Clinical isolate A, a, b, d, 13 and 18 showed similar
insertions and deletions found in H37Rv, while other isolates
showed variations similar to K strain. Del_3, Del_16 and Del_18
were found to be unique in K strain and Del_29 and Del_36 were
shown to be conserved among members of K family, suggesting
that variations in these loci may account for the hypervirulence
of K strain. Nucleotide sequences of PCR products carrying 21
selected deletions and insertions showed that PCR products with
the same size have i1dentical nucleotide sequence for each
deletion or insertion, while PCR products with variations in size
have altered nucleotide sequences because of insertions or
deletions, which result in changes in amino acid sequences.

In this study PCR amplification of targeted regions and
sequence analysis have provided information on both insertions
and deletions, in contrast to the conventional comparative
genomic approaches based on DNA hybridization which identify
deletions only. The information presented herein could
contribute to the identification of M. tuberculosis genes

associated with virulence of the pathogen.

Key words : Mycobacterium tuberculosrs, clinical strains,

genetic polymorphism
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